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fusion has prevailed and bacteriologists do not yet see their way clearly. It is evident that a problem of this magnitude can not be settled by argumentation, nor by any experimentation which allows the slightest play of imagination, for there are probably few other problems so elusive, with so many pitfalls.
Most bacteriologists would probably agree that bacterial variations are of two kinds:
1. The temporary variations. These include variations due to the immediate effect of the environment, strikingly illustrated in Henrici's (1928) experiments on Bacterium coli. When the surface tension of the medium is reduced by means of sodium ricinoleate to 35 to 40 dynes, the organism forms filamentous cells, sometimes extending over several oil immersion fields. When the surface tension of the medium is raised by the addition of calcium chloride, the cells are shorter and more oval than in the normal medium. Among such temporary variations are included also the variations called cytomorphosis by Henrici, which occur regularly in cultures because they depend on the stages of development. The senescent forms of cytomorphosis comprise a variety of cell forms, among which are resting forms like the arthrospores and microcysts of the bacteriological literature, more correctly called chlamydospores by Arthur Meyer (1901) . Here belongs also the bacterial endospore. All these forms germinate when placed in favorable environments and usually reproduce the variety from which they originated.
2. The more or less permanent variations. The word permanent is used here in a relative sense, for there are no really permanent forms of bacteria. These variations involve the generation of forms which reproduce true for a considerable number of generations, each type following the laws of cytomorphosis and in old cultures producing its own resting forms. Variations of this class have been usually referred to as examples of dissociation.
THE COLONY OF BACILLUS MEGATHERIUM
Before an intelligent study of dissociation could be undertaken, it was found necessary to make a study of normal colony variations under the conditions of the experiments. Such variations are not described in the literature, and the student of dissociation finds himself at first with a maze of observations, many of which belong to normal development and are without dissociative significance.
Colonies of Bacillus megatherium go through regular cyclic de- velopments. Depending on the type, the center of the colony may be translucent or opaque, and the fully grown colony presents concentric translucent and opaque zones. The translucent zones correspond to a depressed surface when observed by reflected light, and they contain mainly shadow cells, some spores, and other forms. The opaque zones are made up of cells of normal appearance and cytology.
In about three or more days secondary growth appears in the form of opaque papillae over the area of the whole colony or submerged in the primary growth, and in the form of outer rings or extensions of various shapes of the margin of the primary colony. The secondary colonies undergo similar transformations to those of the primary colony and, if the medium is rich in nutrients and the agar in the plate plentiful so that the plate does not dry up, tertiary colonies are also produced from the secondary colonies and, in turn, undergo similar transformations.
Aside from the above concentric zones of partially dissolved, translucent, and opaque growth, which are the result of normal development, other rings have also been discovered in colonies which were incubated at 370C., taken out every twenty-four hours, measured and drawn. These rings are much narrower than the normal ones, more dense, and have a much sharper outline. The measurements that were made showed that concentric rings of this series corresponded exactly to the periods at which the plates were taken out from the incubator to the room. In searching for the cause of this additional ringing, two possibilities were considered: the effect of light and the effect of temperature. The following experiment was performed:
GEORGES KNAYSI the bottom and by collars of black paper strips rolled atround the side. This arrangement was preferred to mere wrapping, because it does not hinder the circulation of air. In addition, the drawer containing the plates was lined and covered with black paper. This group A was allowed to remain in the incubator, undisturbed, till the end of the experiment which usually lasted from three to four days. Group B was protected from light exactly as was group A, but it was taken out of the incubator every twenty-four hours and allowed to stay in the laboratory for one hour. Group C was not protected from light and was exposed to diffused light and temperature change in the laboratory for one hour daily. Group D was not protected from light, but exposure in the laboratory was done twice daily, one hour each time.
This experiment was repeated six times with the following constant results: Group A showed no ringing effects aside from those due to normal development. Groups B and C showed rings corresponding to the daily exposures, and group D showed twice as many rings as the latter two groups. These results show conclusively that rings of the second series were caused by the different temperatures to which the colonies were exposed.
These various transformations observed in any given colony type are illustrated in figures 1 to 4.
DISSOCIATION OF BACILLUS MEGATHERIUJM
In view of the extensive literature dealing with dissociation, no attempt is made in this paper to present a review of the question. Only the author's results and views are given. For a comprehensive review, the readers is referred to Hadley's monograph (1927) and to other more recent publications in the bacteriological literature.
If a stock culture of Bacillus megatherium be plated, it will be found that the colonies that develop are of two or more types (figs. 5 and 6). This has been found to be true of several other species of the common aerobic spore formers in our departmental collection. It seems that neither the mother stock culture when ued at wide enough intervals, nor the daughter stook cultures of various orders, contain the same material. The correctness of the latter statement can be judged from the following observations: (1) Starting from a mother stock culture and using the same dissociating method, the results may be quite different in two different experiments performed at different times. The same is true when the mother stock culture has been used in one experiment, and later a daughter stock culture for the other.
(2) Plating a mother stock culture at long enough intervals or one of its daughter cultures, one frequently finds colonies which may differ considerably in their behavior.
In the course of the present investigations, which lasted over eighteen months, striking illustrations of the above statements have been observed. For instance, in the first series of experiments I was attempting to dissociate Bacillus megatherium by subjecting it to the action of hydrogen ions in different concentrations. A mucoid kind of a colony was soon obtained in a medium of pH 7.8, but with great difficulty in the same medium at pH 7. When the experiment was repeated nearly two months later, it was the neutral medium that readily yielded the mucoid type, the alkaline medium never yielding that type during the entire second experiment. That the mother and the daughter stock cultures used in the first and second experiments respectively are different is also shown more strikingly by the manner in which they grew in acid, neutral and alkaline broth. The mother stock culture, when transferred to meat infusion broth of pH 6, grew in large clumps hard to break by shaking. In the same broth given a pH of 7.8, the growth was far more diffuse and the clumps formed were readily broken. In the same broth with a neutral reaction, diffuseness of the growth was less marked than at pH 7.8, and the clumps formed more numerous and not as easily broken. In the second experiment the opposite was true. In a still later experiment, a difference could hardly be observed.
To illustrate the second statement, it is only necessary to mention that, in a recent experiment, the stock culture yielded colonies which gave, on aging, lemon yellow secondary colonies made up of exceedingly long filaments showing frequent branching. Such secondaries were seen before in certain variants, but were never directly obtained from the stock culture. More will be said about these yellow filamentous secondary colonies later.
Methods used to obtain dissociants. Dissociation of Bacillus megatherium was brought about in a variety of ways. The media used were: meat infusion broth of pH 6.7, and 7.8; meat infusion broth of the same pH containing 0.3 per cent of lithium chloride; Dunham's peptone solution containing 0.01 per cent of sodium ricinoleate to reduce surface tension; and meat-extract broth containing 1 per cent of potassium nitrate. The procedure was to inoculate a tube of a given medium from the stock culture and to incubate at 37°. At the end of twenty-four hours, the culture developed in this first tube was transferred to a second tube and was also plated on neutral meat-infusion agar. After twenty-four hours, the culture developed in the second tube was transferred to a third tube and was also plated on neutral meatinfusion agar, and so on. In every case, the colonies developed on the plates were examined with the naked eye and with the stereoscopic microscope, both by transmitted and by reflected light, and the various characteristics noted. Such an examination of the colonies was made when they were one, two, three, five, seven, ten, and fifteen days old. In the early experiments representative colonies were carefully measured and roughly drawn at the various ages, and their structure studied more carefully with the 16 and 4 mm. objectives.
Aside from the above method, dissociation was brought about by growing the organism in a partial vacuum (about 635 mm.) with transfer and plating every forty-eight hours. Aging was also used very successfully, either in liquid cultures or in colonies. In the latter case, dissociants appear as a secondary growth, either in the form of a secondary colony or as a sector along the margin of the primary colony. At this point it may be emphasized that secondary growth only occasionally indicated dissociation, especially a stable dissociation. Time and time again a white colony gave cream, orange, or lemon yellow secondary colonies which, on cultivation, yielded colonies similar to the parent colony. This remark is necessary in view of the impression one gans from the literature (Hadley, 1927) .
Media suitable for dissociation. Dissociation takes place readily when the organism is grown in a medium in which it grows fast and produces a large crop, or in a medium which allows a fair growth, but which has been so changed chemically or physically, that it constitutes an environment capable of modifying, but not inhibiting, growth.
Variants of especial interest. The number of variants that have been recognized and isolated during the present investigations is large. Most of these variants are non-sporogenic and it seems that spore formation is one of the characters most readily lost by Bacillus megatherium. Moreover, when the power to form spores is lost, there seems to be no tendency to regain it. Various strains thus changed have now been investigated for over a year for spore formation, but none has been seen yet. Colonies six and seven months old and still viable were free from spores. However, sporeless strains produce a large number of forms (arnthrospores, microcysts, etc.) which are very resistant to aging and drying. More about these forms will be said later.
The most interesting variants obtained are the following: 1. The mucoid strain. This strain was isolated from meatinfusion broth of pH 7.8, and from neutral meat-infusion broth incubated aerobically or under a 25-inch vacuum, and from neutral meat-infusion broth containing 0.3 per cent of lithium chloride. When young (less than twenty-four hours old at 370C.), the colonies are perfectly transparent and have a dew drop appearance. Neighboring colonies invariably run together and form amoeboid groups. The strain grows rapidly and the colonies become very large both in extent and in thickness on further incubation, flowing over the surface of the petri dish and slowly down the sid& to the cover. If the petri dish be incubated right side up, it becomes covered with a thick, viscous layer of growth. The colonies behave like drops of colorless, transparent syrup which are constantly increasing in size. Within two days, the colony mass becomes turbid, and white streaks, radiating in the direction of flow and fusing into an uneven ring along the margin of the colony, appear. This white growth breeds true, giving the midget type described below. The mucoid colonies with their white, secondary growth and a few of the midget colonies are illustrated in figure 7 . Figure 8 shows the cells that are found in the mucoid colony. They are rather short, heavily capsulated and flagellated. No type. After various transformations in this medium of low surface tension in which the colonies were unusually white for megatherium, without the slightest tendency to become yellow, finally there was obtained the midget type and with it came the yellow strain, with deep orange-yellow colonies.
The cells of the orange yellow strain are slender and long, with a tendency toward the formation of filaments and long chains. They are flagellated, lightly capsulated, and do not form spores.
When old, colonies of the original orange-yellow strain dissolve away leaving white or yellow secondary colonies which, when plated, yield cream color and yellow colonies similar to the. parent colony. Further dissociation has been recently observed into a more deeply orange strain, giving large, flat colonies which have little tendency to dissolve with age and do not produce secondary colonies. With age, colonies of this new variant have a tendency to become slightly mucoid, only a central circle dissolves away, and here and there in the colony white, irregular patches are seen. These white patches breed true, giving pure white colonies similar in every respect but color to the parent colony.
4. The budding strain. This strain is readily obtained from neutral or alkaline meat infusion broth. It has also been recently obtained from the waxy strain described below. The colony has a crystallin structure by transmitted light and its margin may be circular or lobed. It gives the impression of a gelatinous mass in which fine crystals are embedded. figure 12 . The cells are relatively short and form fascicles of chains embedded in a very tough sheath of capsular material which makes it very difficult to get a uniform suspension from the colonies. The liquid remains clear and growth is mainly in the bottom of the tube and in a ring on the surface. Although the cells are flagellated, the strain is non-motile because of the tough sheath in which the chains are embedded. No spores are produced. This waxy strain has been further dissociated in peptone nitrate solution, into a budding type similar to the type described above; into a slimy strain forming large colonies; and into a strain forming flat, perfectly transparent small colonies which may be seen with difficulty on the agar and which form secondary colonies to an excessive degree within twenty-four to forty-eighth ours. These transparent colonies become so well covered with the white, slimy profuse secondary growth, that the whole primaxy colony can no more be seen. The waxy strain is most interesting because of its ability to reduce nitrates to nitrites, a character not found in the stock culture or other variants. The budding form obtained from this source also reduces nitrates, the only character by which it can be distinguished from the budding type described above.
GENUINENESS OF THESE STRAINS
Attention has been already called to the numerous pitfalls in an investigation of this kind. Contaminations in bacteriology make their appearance in a multiplicity of ways which sometimes baffle the investigator. Aside from the scientific findings which result from investigations similar to the present one, one gets an education, impossible to match in any other line of bacteriology, concerning the behavior of bacterial contaminants. In my experience, the most frequent contaiinants are slow-growing organisms which form small, white, yellow, orange or red colonies.
Whenever the petri dishes are soon discarded, such organisms pass unnoticed, but work of this kind gives them a chance to appear in most unexpected ways. More will be said about these The results reported here are those which are reproducible. The majority of forms was obtained from more than one source and repeatedly obtained from the primary source. I, therefore, feel reassured that the argument of contamination can not be invoked to explain these findings.
In spite of the radical variations observed in this work, all of the variants showed striking resemblance to the "typical" Bacillus megatherium in their cell structure and life habits in microcultures. STABILITY (Hadley, 1927) . However, it has been the practice in this laboratory to replate once every two weeks or once a month.
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on November 12, 2017 by guest http://jb.asm.org/ Downloaded from GEORGES KNAYSI RELATION TO "R" AND "t" FORMS So far, most of the modern work on dissociation has been done from the medical point of view. From that point of view, it is of practical importance to emphasize the "R" and "S" characters which have been found to be related to pathogenicity, and which determine the suitability of a culture for use in agglutination and other serological work. The biological point of view should be more general and much broader.
In studying the colonies of the different dissociants encountered in the course of this work, including the ones described in this paper, one is led to believe that there is a variety of strains which grow in colonies of the smooth type, and a variety of strains which grow in colonies of the rough type. In meat-infusion broth, all of the strains grow at the surface where oxygen is more available. The waxy strain is no exception, although, because of the peculiar fasciculate arrangement of its chains, some sink to the bottom. In less reducing media, growth takes place throughout the tube, but best near the surface. Similar behavior may be expected from other strict aerobes. With respect to motility, we have seen that all the strains are flagellated, although, on account of its peculiar tough sheath, the waxy strain is not motile. The budding type gives colonies which are less regular in outline that the others, and yet the cells are especially long and actively motile.
In other words, the present work gives no basis for the division of dissociants into rough and smooth as definite types possessing definite biological characteristics. On the contrary, it shows that this distinction, applied as a general biological rule, is incorrect and should be restricted to the studied cases in which the notion of roughness and smoothness has been shown to correspond to certain important properties of the organism.
UNUSUAL CELL FORMS
Although the following cell forms have been occasionally observed in stock cultures and their subcultures, yet some of the above described variants may be characterized by profuse forma-tion of a certain remarkable cell type. Because of this fact, it was very easy to study the origin and fate of these cellular forms. The most interesting are the following:
Lateral and terminal buds. It has been already said that cells of the budding variant produced lateral and terminal buds with remarkable frequency. The formation of these buds has been observed in microculture, and it was found that lateral budding involves the extrusion of intracellular granules of the type that appears in the outer layer of the cytoplasm previous to spore formation. The granule moves slowly toward the cell membrane, the cell bulges at the point and forms a bud which contains the granule, and finally the bud is cut off from the mother cell. Lateral buds have never been seen to germinate. Several were isolated in a microdroplet and incubated for a week. Then they were rinsed with fresh portions of medium and incubated for another week and rinsing and incubation repeated for a third time. No change in these buds was observed. Such buds will be further studied.
The terminal buds arise by a process of cell division, and often include a polar granule of the mother cell. As many as four in a chain have been seen. It seems that dissociation here affected in some way the location of cell division so that it could take place near the pole of the cell. These terminal buds are flagellated and actively motile. They do not seem to grow readily, for, out of many observed, one only was seen to swell, stretch and change into an ordinary cell which multiplied further. Figure 13 Club and drumstick forms. A variant not described above and readily obtained from normal and alkaline broth, is characterized by the profuse production of cells having club forms or drumnstick forms. Sometimes the cell looks like a dumb-bell, one of the spheres of which has been removed. The colony is translucent and contains many irregular, dense masses. These forms were found to be very actively motile and ready to grow. Figure 15 shows the stages in the growth of these forms.
Branchingforms. Branching forms were very profusely formed by the yellow secondary colonies of otherwise ordinary, typical, sporulating colonies of Bacillus megatherium, obtained several times on direct plating of the stock culture. On plating the secondary colony, the mother colony is reproduced. These branching forms are illustrated in figure 16 which also shows the way in which they may grow, as observed in microcultures.
TECHNIQUE OF MAKING MICROCULTURES
In the preceding pages, frequent mention has been made of a microculture technique used in this work. This consists in depositing on the underside of a sterile cover-glass minute droplets of the proper bacterial suspension in a suitable medium, using micro-pipettes and a micro-manipulator. The technique of making the droplets is the same as that involved in one-cell isolation. The cover-glass is then inverted over the well of a glass slide simi-lar to that used to make hanging drops. The cover-glass is then sealed with "vaspar" (a mixture of equal parts of paraffine and vaseline) by means of a small brush. The droplets may be placed in rows inside of a square drawn in the middle of the cover-glass by means of a diamond pencil. Sometimes an ordinary wax pencil will do. It has been my custom to deposit six rows of five droplets each. The well of the slide contains a droplet of the same medium used for the suspension to supply the proper moisture.
Immediately, a map is made of the whole preparation showing in detail the cellular elements in it, and the microculture is labelled and placed in a petri dish which prevents abrupt changes in temperature. Abrupt cooling instantaneously floods the droplets, and abrupt warming dries them up. The beginner will find difficulty at first, but with a little experience, one will know exactly how to handle the microculture with safety.
The precautions mentioned apply for microcultures incubated and examined, at the same temperature or nearly so. Greater precautions and certain changes must be made when the temperature of incubation is different from that at which examination is made.
The droplets can be made as small or as large as one wants for a particular purpose. They can be examined with any objective, including the oil immersion.
The microculture can also be taken apart and put together as often as needed. That is why I never made one-cell isolations in the ordinary way. It saves a great deal of trouble and danger of no-growth or contamination if one allows the single cells to grow in their respective droplets before they are transferred, preferably into a petri dish. cedure was to distribute the filtrate in 10 cc. portions in sterile test tubes. Some tubes were planted on neutral meat infusion agar in petri dishes immediately, other tubes were incubated at 37°C. from one to three weeks before they were planted on the same medium, while still other tubes were incubated at 37°C. and then sealed and kept under observation.
Similar filtrations and plantings were made from cultures lysed with a megatherium bacteriophage kindly furnished by Mrs. Pauline Stark of this Department. Various filtrates were obtained from cultures exposed to the bacteriophage action when at different degrees of "virulence."
In all cases the first petri dish culture made by placing 0.5 cc. of the filtrate on the surface of the agar was serially transplanted by the technique of Hauduroy (1929) . In all cases I was able to reproduce the Hauduroy phenomenon of dulling the agar surface and the appearance of minute, white, dense colonies. This phenomenon sometimes appeared at about the twentieth serial transfer, at other times at the sixth serial transfer. On further transfers, the size of the colonies increased, growth became more vigorous, and most often a tendency to produce yellow or orange pigments became evident. The celLs of these colonies were invariably short, dense rods, having a tendency to lie in palisadelike formation. Some of the rods were so short as to be called cocci in pairs or short chains. This is primarily a peculiarity in the growth of these organisms.
In order to eliminate the possibility of contamination a series of platings with Hauduroy's technique was made of sterile broth filtrate heated for five minutes in flowing steam (in a test tube), and normal bacteriophage filtrate. In all cases the Hauduroy's phenomenon was reproduced at the sixth to the tenth plating. Going back to previous plates, it was found that, on further incubation, the same kind of colonies had developed on the three plates immediately preceding the one on which the phenomenon was observed after twenty-four hours. It goes without saying that the facts of dissociation must have a paramount influence on our ideas about classification. Every bacteriologist has had some experience with the so-called intermediate forms which fit nowhere in the system of nomenclature. The bacteriological literature is full of species differing from each other by a single sugar fermentation, or even by a difference in the vigor with which they ferment a certain sugar. In this work on B. megatherium, of all the morphologic criteria studied, the presence of flagella seems to be the only constant character. And of the several physiological criteria investigated, aerobiosis seems to be the most constant. Many bacteriologists would make as many species of the variants described above, and of others not described, if the source of the stains was unknown.
The remedy for this difficult situation which naturally suggests itself is to study and map all the possible variants of each species. This would undoubtedly result in the elimination of many names and, instead of complicating taxonomy, it will tend to simplify it. If each character varies independently, as the present investigation tends to show, we may expect a long list of variants, as many as there are characters or, more conservatively, as many as there are variable characters. The task is like that of drawing the family tree of organisms. It is of paramount importance for the education of the biologist, but is not necessary for the recognition of a given form and the utilization of its properties. Yet the facts learned from the study of variability should discourage the multiplication of names at the slightest opportunity, and should reduce the worries of those who can not find in the handbooks on taxonomy the exact description of their newly discovered strain.
SUMMLARY
The colony of Bacillus megatherium undergoes cyclic changes in its normal development and produces secondary growth which, usually, reproduces the parent colony. Concentric rings may be produced in the colony on alternate exposure to a colder temperature. and various strains may be obtained by aging normal cultures and colonies, or by growing the organism under various conditions. Several interesting strains are described, all of which are nonsporulating, and a tendency to the formation of a given strain from another has been observed. However, strains morphologically indistinguishable have been obtained from different sources and may then possess different physiological properties.
Various strains are characterized by special cellular elements: branching, club formations, budding, etc., and by special cultural and physiological properties.
Germination of terminal buds, arthrospores, microcysts, branching forms and drunmstick forms has been observed in microcultures.
The technique of making microcultures is described. The bearing of dissociation phenomena on taxonomy of bacteria is discussed.
This work tends to support some form of a mutation theory as the cause of dissociation, rather than the life cycle concept advanced by certain investigators.
